Electronic conduction characteristics of parallel coupled triple quantum dot system are studied, in which external magnetic field and Rashba spin orbit interaction are considered. Conductance expression of the calculation system is given by using NEGF technology. The effect of Rashba spin orbit interaction on spin transport properties is discussed and the physical explanation is given by total density of states in the systems.
Introduction Producing Hardcopy Using MS-Word
Spin orbit interaction is a very important role in semiconductor spintronics. The coupling between spin freedom and orbit motion is caused by Rashba spin orbit interaction, so the electron spin can be controlled by adjusting external magnetic flux and a gate voltage. Sun Q F, Wang J and Guo H proposed an extra spin-dependent phase factor in the coupling matrix elements between the electrodes and the quantum dot based on the study of Nanostructures with Rashba spin-orbit interaction, as an example, a Aharnov-Bohm ring in which a quantum dot is located in one arm of the ring is investigated. A substantial spin-polarized conductance or current emerges due to a combined effect of a magnetic flux and the Rashba interaction. The direction and strength of the spin-polarization are shown to be controlled by both the magnetic flux and a gate voltage. The theoretical study discussed above promotes the theoretical studies on spin transport properties of coupled quantum dot system, and new vitality is poured to the studies on spintronics. For example, Fano-Rashba Effect in a double quantum dot AB Interferometer is studied by Chi F, Liu J L, and Sun L L. The Fano line shapes of the two spin electrons in the conductance spectra can be tuned either synchronously or individually with the help of the structure parameters relevant to the Rashba spin-orbit coupling strength, magnetic flux, and the structure configuration. The effect of the Rashba spin splitting and a magnetic field on the energy levels of electrons in parabolic quantum dots is investigated by Lee J, Spector H N, Chou W C, and Chu C S. In the presence of a magnetic field, the electrons degeneracy is removed and the energy splitting of the spin states increases with the increase in both the Rashba parameter and the magnetic field.
A triple quantum dot structure is proposed in the paper, in which Rashba spin orbit interaction is considered in every quantum dot and every quantum dot can couple with electrode. The proposed system has more tunnels for electron resonant tunneling and more adjustable parameters. The transport properties of the system electrons and spin transport are more abundant by adjusting external magnetic field and Rashba spin orbit interaction, which provide more significant physical and applications.
Theory Model
Major headings should be typeset in boldface with the first letter of important words capitalized. The system framework which consists of triple quantum dot is shown in Fig.1 . Every quantum dot can couple with the electrode simultaneously. The Hamiltonian of the system is expressed as:
describes the contribution of the two electrodes in the quasi particle approximation with no interaction, and it is given as , ,
is the operator yielded by electron with wave vector k and spin  in electrode  ; k  is the electron energy level with wave vector k in electrode  .
The second term in the right of eq.(1) describes the contribution of triple quantum dot system, and is given as:
Where:   tt is the coupling strength of tunneling between quantum 1(2) and 2(3) . The last term T H in eq. (1) describes the electron tunneling between quantum dot and electrode, and the expression is , ,
Where j t  describes tunneling couple between quantum dot and electrode, which is assumed that it is irrelevant with k . j t  has the following form, 
Where,  is phase factor induced by flux; j R  is phase factor induced by Rashba spin orbit interaction in quantum dot j.
is defined as the following calculation and matrix    can be wrote as
e e e e e e e e In recent studies, the transport properties of the system can be determined by NEGF is the electron Fermi distribution function at electrode. u  is the corresponding chemical potential at electrode  .
Conductance can be wrote as eq. (10) under zero temperature condition. 
Where F  is the Fermi energy of electrons at electrode.
Calculation Results
The basic spin transport properties can be calculated by the above equations. Assumed that energy levels of all quantum dots are the same and dot-electrode coupling strength The effects that for conductance under zero flux are shown in Fig.2 to Fig.4 . The relative parameters are chosen as: . For comparison, when Rashba spin orbit interaction is not considered, the system conductance is shown in Fig. 2(a) . Quantum dot 1 and quantum dot 3 is equivalent completely, when the flux is zero and Rashba spin orbit interaction is not considered. So the shape of the system conductance spectrum is like the one in the parallel coupled double quantum dot system. And a Breit-Winger resonance peak can be observed at energy level 0 2t   and a Fano anti-resonance peak can be observed at energy level 0 2t   in the conductance spectrum. Compare with the system conductance spectrum of the parallel coupled double quantum dot system, the positions of these resonance peaks moved. When Rashba spin orbit interaction is considered and the phase factor / 50 R    (shown as Fig. 2(b) ), compare with Fig. 2(a) , a steep Fano resonance peak appears at 0   , the other resonance peaks are the same as the one in the conductance spectrum when Rashba spin orbit interaction is not considered. Phase factor induced by Rashba spin orbit interaction results in the steep Fano resonance peak. The corresponding total density of states which has the same parameters with Fig.2 is shown in Fig.3 . When Rashba spin orbit interaction is not considered, total density of states in the system is shown in Fig.3(a) , and a  function appears at 0   , which means there is a bound state here. When
, total density of states in the system is shown in Fig.3(b ). There is a narrow peak appears at 0   , which is corresponding with the steep Fano resonance peak in Fig.2(b) . Fig.4(a) , when the strength of Rashba spin orbit interaction is increased. Compare with the conductance spectrum at / 50
there is a steep Fano resonance peak changed into Fano anti-resonance peak, and the Fano resonance peak at 0 2T   becomes smaller, the position of anti-resonance point is increased. The system conductance spectrum at
is illustrated in Fig.4(b) , when the strength of Rashba spin orbit interaction is increased further. The Fano resonance peak at 0 2T   is changed into resonance peak. Fig.6 . The conductance curve of spin up electrons and the curve of spin down electrons are quite different, which means that conductance is spin-polarized. In addition, the conductance curve of spin up electrons is like the one shown in Fig.5 . Conductance spectrum of spin down electrons has three resonance peaks which are different completely with the one on the conductance spectrum of spin up electrons. 
